The incidence of esophageal adenocarcinoma in the United States has risen rapidly over the last 30 years, whereas the incidence of esophageal squamous cell carcinoma has fallen dramatically. In contrast, parts of Asia have extremely high rates of squamous cell carcinoma, but virtually no adenocarcinoma. Within the United States, Asian-Americans as a whole, have low rates of esophageal adenocarcinoma and higher rates of squamous cell carcinoma. It is unclear what the patterns are for those Asians born in the United States. The relative influence of ethnicity and environment on the incidence of esophageal cancer in this population is unknown. We identified all cases of esophageal adenocarcinoma and squamous cell carcinoma from the California Cancer Registry 1988-2004, including 955 cases among 6 different Asian ethnicities. Time trends were examined using Joinpoint software to calculate the annual percentage changes in regression models. Rates of esophageal squamous cell carcinoma varied substantially among different Asian ethnic groups, but squamous cell carcinoma was much more common than adenocarcinoma in both foreign-born and US-born Asian-Americans. Rates of squamous cell carcinoma were slightly higher among US-born Asian men (4.0 per 100,000) compared with foreign-born Asian men (3.2 per 100,000) and White men (2.2 per 100,000), P = 0.03. Rates of adenocarcinoma were also slighter higher among US-born Asian men (1.2 per 100,000) compared with foreign-born Asian men (0.7 per 100,000), P = 0.01. Rates of squamous cell carcinoma decreased for both US-born and foreign-born Asians during this period, whereas adenocarcinoma remained low and stable. These results provide better insight into the genetic and environmental factors affecting the changing incidence of esophageal cancer histologies in the United States and Asia.
INTRODUCTION
An estimated 17,000 cases of esophageal cancer were diagnosed in the United States in 2013. 1 Adenocarcinoma and squamous cell carcinoma (SCC) histologies comprise the overwhelming majority of cases. Each histology has unique risk factors with different epidemiology. Over the past 30 years, the relative incidence of these histologies has changed dramatically in the United States. In the mid-20th century, adenocarcinoma made up less than 10% of all esophageal cancer cases in the United States. Today, adenocarcinoma comprises the majority of esophageal cancer cases in the United States. The increased rate of esophageal adenocarcinoma has been particularly striking among White men. This has coincided with a decrease in the incidence of SCC, particularly among Black men. 2 In contrast, the rates of esophageal adenocarcinoma have remained relatively stable among Asian-Americans during this same time period. Asian-Americans continue to have among the lowest annual rates of esophageal adenocarcinoma at 0.7 per 100,000, compared with 4.2 per 100,000 for Caucasians. However, their rates of SCC remain relatively high at 3.9 per 100,000, more than double that of Caucasians. 3 The overall trends of esophageal cancer incidence in Asia have been different from those in the United States. [4] [5] [6] [7] SCC continues to be the dominant form of esophageal cancer throughout Asia despite variation in incidence of esophageal SCC and adenocarcinoma from country to country. Although there are some regional differences and modest increases in parts of Asia, adenocarcinoma remains relatively rare.
The reasons for these differences in incidence are not entirely clear, but are most likely related to the different profiles of risk factors among the different Asian populations. We hypothesized that rates of SCC would be higher among foreign-born Asian-Americans compared with US-born, whereas the opposite would be true for adenocarcinoma.
To better understand the relative influence of genetics and environment on esophageal cancer incidence among Asian-Americans, we investigated the contemporary incidence patterns of esophageal adenocarcinoma and SCC among different Asian-American ethnicities using data from the California Cancer Registry (CCR) enhanced with the ability to examine trends by nativity (country of birth). The CCR is the largest population-based data set of Asian-Americans with nativity data.
METHODS

Cancer cases
We obtained information on all California residents diagnosed with primary invasive esophageal cancer, including gastroesophageal junction cancers (International Classification of Diseases for Oncology, 3rd Edition site codes C150-159) from January 1, 1988 Because patients in the cancer registry with unknown birthplace data are more likely to be US-born than those with available data, 9-12 we developed a method using patients' social security numbers (SSN) to more accurately classify patient immigrant status, as described previously. 13 Among Asian-American subgroups, registry data on nativity were available for 81% of eligible cases (88% from hospital medical records and 12% from death certificates). For the 19% of cases with unknown birthplace, statistical imputation using the patient's SSN was used to determine immigrant status. By comparing the age of SSN issue with selfreported birthplace in previously interviewed cancer patients (n = 1836) and based on maximization of the area under the receiver operating characteristic curve and confirmation with logistic regression modeling, we considered cases who received an SSN before age 25 years as US-born, and those who had received a SSN at or after age 25 years as foreignborn. This age cut point resulted in 84% sensitivity and 80% specificity for assigning foreign-born status across the Asian-American populations. The 0.8% of cases with missing or invalid SSNs were assigned an immigrant status on the basis of the ethnicity-sex-age birthplace distribution of the overall sample. We did not compute incidence rates for USborn Korean, South Asian, and Vietnamese patients due to small case (N = 13 for all three groups) and population numbers.
Population data
From the 1990 through 2000 US Census Summary File 3, we obtained population counts to estimate incidence rates by sex, race/ethnicity, immigrant status, and 5-year age group for California. For intercensal years, we estimated the foreign-born Hispanic and Asian population sizes by using cohort component interpolation and extrapolation methods, 14 adjusting estimates to the populations by age and year provided by the US Census for years 1988-2004,. We also used data from the 5% integrated public use microdata sample of the census to estimate age-and birthplace-specific population counts for the six Asian groups 15, 16 by smoothing with a spline-based function. 17 
Statistical analyses
We used SEER*Stat software 8.0 18 to compute age-adjusted incidence rates (directly standardized to the 2000 US standard million population) with 95% confidence intervals (CIs). To comply with CCR regulations, we do not present case counts or rates based on fewer than five cases. Time trends between 1988 and 2004 were examined using Joinpoint Regression software 19 to calculate the annual percentage changes (APCs) in log-linear regression models that allowed up to one joinpoint. Joinpoint regression analysis is a widely accepted method to describe changing trends over successive segments of time. Due to small population denominators, we grouped years into 3-year periods (1988-1990, 1991-1993, 1994-1996, 1997-1999, 2000-2002, and 2003-2004) . Joinpoint also produces graphic trends where the slope of the line describes the APC.
RESULTS
From 1988 to 2004, 1064 total cases of esophageal cancer (SCC, adenocarcinoma, and others) were recorded among Asian-Americans in the registry. SCC continued to be the dominant histology among Asian-Americans, comprising 73% (782) of these cases. In contrast, during the same period, SCC accounted for only 39% of cases among non-Hispanic Whites. The rate of SCC among Asian men was significantly higher than non-Hispanic White men (Table 1) . Asian women, however, had low rates of SCC, similar to non-Hispanic White women.
Although most Asian-American ethnic groups had higher rates of SCC compared with nonHispanic Whites, rates of SCC varied substantially among the different Asian-American ethnic groups (Table 2 ). Foreign-born Japanese men had the highest rate (14.5 per 100,000). Rates of adenocarcinoma were lower than for non-Hispanic Whites, and there was less variation among Asian ethnicities (Tables 3 and 4) .
Patterns by nativity and gender
Overall, US-born Asians had a slightly higher rate of SCC than foreign-born Asians (2.4 per 100,000, 95% CI 2.1-2.8 vs. 1.9 per 100,000, 95% CI 1.7-2.0). However, this was not the case for each ethnicity. The highest rates of SCC were among foreign-born Japanese men who had a rate of 14.5 per 100,000 compared with 3.9 among US-born Japanese men. Other groups with high rates of SCC were US-born Chinese (5.2 per 100,000) and foreign-born Vietnamese (5.6 per 100,000). As a whole, rates of adenocarcinoma were higher for USborn than for foreign-born Asians, but were still far lower than for Whites. (Table 4 ).
Both SCC and adenocarcinoma were four times more common in men compared with women (Tables 1 and 3 ). Male predominance was seen across all ethnic groups except for foreign-born South Asians (Table 2) . Among non-Hispanic Whites, there was a similar male predominance for adenocarcinoma (4.3 per 100,000 men vs. 0.7 per 100,000 women), with less of a difference in SCC (2.2 per 100,000 men vs. 1.8 per 100,000 women).
Temporal trends
From 1988 to 2004, rates of SCC showed a 6.3% annual decrease among US-born Asians and a 3.3% annual decrease among foreign-born Asians (Fig. 1) . These trends were primarily driven by decreases in incidence among men. During the same time period, the incidence rate of SCC decreased by 1.5% annually among non-Hispanic Whites.
Among non-Hispanic Whites, esophageal adenocarcinoma incidence rates increased by 7.1% annually from 1988 to 1999 and by 2.5% annually from 1999 to 2004. In contrast, for both US-born and foreign-born Asians, the rates of adenocarcinoma remained stable over time.
Conclusions
We found that the rate of SCC was higher among both foreign-born and US-born Asian men, compared with non-Hispanic White men. In contrast, the rate of adenocarcinoma among foreign-born and US-born Asians was lower than non-Hispanic Whites. The rate of SCC varied significantly among different Asian ethnic groups, whereas the rate of adenocarcinoma was uniformly low across all Asian ethnic groups. In regard to nativity, USborn Asians had a slightly higher rate of SCC compared with foreign-born Asians as a whole. However, the groups with the highest rates of SCC were foreign-born Japanese and foreign-born Vietnamese men.
From 1988 to 2004, the rate of SCC among both US-born and foreign-born Asians decreased slightly. During the same time period, the rate of adenocarcinoma did not significantly change.
The interaction among genetic and environmental factors in the pathogenesis of esophageal cancer is not well known. Rates of esophageal SCC are higher throughout much of Asia compared with the United States, but surprisingly, the rate of SCC was slightly higher among US-born Asians compared with foreign-born Asians. Moreover, the rates between both groups decreased over the last two decades. In the United States, the majority of esophageal SCC is associated with smoking and/or alcohol use. 20 There is some evidence that US-born Asians are more likely to be current drinkers compared with foreign-born Asians, although the incidence of heavy drinking and total volume consumed is less. 21 Other factors, such as drinking hot tea and poor nutrition have also been linked to SCC in Asian nations. 22 Previous studies have found that foreign-born Asians are more likely to consume certain Asian foods. Although SCC has also been associated with foods containing Nnitrosamines and pickled vegetables, it has also been associated with the consumption of red meat, which is increased among US-born Asians.. 23 The decline in SCC has not been accompanied by a rise in the rates of esophageal adenocarcinoma among Asian-Americans. Adenocarcinoma remains a relatively rare form of cancer in this population, across ethnic groups for both men and women regardless of nativity. This may reflect a protective genetic effect found in the Asian population or it may reflect other factors, such as the lack of obesity among Asian-Americans. 24 Non-Hispanic Whites are about three times more likely to be obese compared with Asian-American adults. Likewise, US-born Asians are more likely to be obese than foreign-born Asians, which may explain the increased rate of adenocarcinoma among US-born Asians compared with foreign-born. 25 A previous case-control study examined the association of smoking, alcohol use, and body mass index (BMI) with adenocarcinoma of the stomach and esophagus among different ethnic groups in Los Angeles County and found that smoking and increased BMI were independent risk factors for esophageal adenocarcinoma among Whites and nonWhites. 26 US-born Asians appear to have diets that are lower in fiber and antioxidants, which have been found to be associated with esophageal adenocarcinoma. Foreign-born Asian-Americans are more likely to be Helicobacter pylori seropositive than US-born Asians, and there is evidence that the absence of H. pylori may be a risk factor for esophageal adenocarcinoma. Our analysis, based on 16 years of high-quality population-based cancer registry data from California, which includes more than half of the SEER Asian population, enhanced with the capability to examine rates by nativity, is, to our knowledge, the largest and most representative data set on Asian-Americans. 8 Asian ethnic group classification is coded directly from registry records (usually medical records) or by applying a validated algorithm. 27 Cancer registry classification of specific Asian ethnicity shows good-toexcellent agreement with self-report. 28 For Asian esophageal cancer cases with available registry birthplace information (the vast majority), agreement with self-report is excellent; for the remaining cases, we applied a validated imputation algorithm based on cases' SSNs with good sensitivity and specificity. 11 It should also be noted that we did not have information regarding the length of residence in the United States. Although in general, those born in the United States have higher degrees of acculturation, the level of acculturation is related to duration of residence. 25 Thus, some of the foreign-born Asians may have had diet and other environmental factors more similar to US-born Asians.
Despite it being the largest database of its kind, we are nonetheless limited by small sample sizes. Small case and denominator counts may have resulted in unstable rates and limited our ability to detect significant trends, as evidenced by wide CIs for some APCs. The low numbers of adenocarcinoma cases does however underscore the rarity of the disease among various Asian ethnicities. Cancer registry data lack details regarding potentially important clinical information, such as tumor markers, parental race/ethnicity, and risk factor information. Finally, there may be errors associated with the inter-and postcensal annual population estimates, which is a concern for the extrapolated estimates after the year 2000. 29 Therefore, we restricted our trend assessment to extend only through 2004.
The low rate of esophageal adenocarcinoma among both US-born and foreign-born AsianAmericans contrasts strongly with the rising rate among White Americans. As obesity rates increase among Asian-Americans, esophageal adenocarcinoma may become a more significant problem. A better understanding of the specific genetic and environmental factors that are driving these trends could help identify better ways to prevent and perhaps screen higher risk groups. The very high rates of SCC among foreign-born Japanese men also deserve further investigation. Table 4 Age-adjusted esophageal adenocarcinoma incidence rates (per 100,000) in Asian-Americans by ethnicity, gender, and nativity in Dis Esophagus. Author manuscript; available in PMC 2018 January 03.
